Abstract. In recent years, reduction of greenhouse gas emissions has been a serious issue throughout the world. The Japanese Government aims to reduce 25% of the emissions in 1990 by 2020. Eco-cities which effectively use renewable energy sources attract an attention in order to attain this goal. A smart energy town project in Honjyo, Japan has been conducted by making use of renewable energy sources. Above all, photovoltaic (PV) generators are expected to play a key role in this project. In addition, PV generators are expected to be installed in the residential and commercial areas due to ease of its installation. However, unstable power output from PV generation causes negative impacts on power quality of distribution networks. Therefore, prediction of PV output is indispensable to operate networks properly. In this paper, we propose a method to predict a day-ahead solar radiation and output power of PV generation in specific areas. Furthermore, the predicted solar radiation is corrected using the on-line measured actual data. As a result, the correction of a day-ahead prediction proposed here reduces errors of daily solar radiation by around 34% .
Introduction
Renewable energy sources such as solar and wind power generation are expected to play an important role to reduce CO 2 emissions against global warming. Regional energy networks which contains these generators have been demonstrated all over the world. Although photovoltaic generators (PV) are most promising of all renewable energy in Japan, the generated power fluctuates due to intermittent solar radiation. Its fluctuation causes the imbalance between demand and supply and deteriorates power quality in distribution networks.
Therefore, an efficient prediction of solar radiation is required to develop for operating networks properly.
In Japan, weather observation stations for Automated Meteorological Data Acquisition System (AMeDAS) are located in several cities. The prediction method of solar radiation utilizing these extensive data has been reported in the previous studies. However, there is an issue to be solved in conventional studies. Since weather data is measured only in major cities by AMeDAS, it is difficult to obtain the detail regional weather data for the prediction of solar radiation in an individual area. As a solution for this issue, an effective prediction method is proposed using the data which is measured online and is easy to esquire. The main procedures of this method are shown as follows;
(1) Weather conditions are classified into 6 and 15 patterns and weather forecasts are made. (2) Predictions of a day-ahead solar radiation is carried out based on the weather forecasts. (3) A day-ahead prediction is corrected using the online measured data on the day.
Furthermore, the performance of the proposed method is evaluated. Table 1 shows the specification of the meteorological observation equipment and Fig. 2 
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A day-ahead prediction of solar radiation
The prediction is carried out every hour from 6:00 to 19:00. The prediction method is performed as follows.
( 1) The recorded data are classified into 6 or 15 patterns as in table 2 or 3 by referring the actual past weather patterns of Japan Meteorological Agency. (2) The monthly prediction curve is obtained by averaging the solar radiation in each pattern. (3) The prediction curve is selected depending on the weather forecast on the day.
Moreover, hourly predicted values are calculated from 6:00 through 19:00. Table 2 and Table 3 show the weather patterns. The accuracy of predictions is expected to improve by reducing the number of weather patterns since the number of recorded data increases by reducing the number of patterns as in Table 2 and Table 3 . The representative prediction curves of solar radiation, when the weather category is classified into six patterns, are shown in Fig. 3 and Fig. 4 . The seasonal fluctuation of solar radiation can be taken into consideration due to calculation of the monthly prediction curves in Fig. 3 and Fig. 4 . From Fig. 4 , we can see that the time period when solar radiation starts to go down differes in each month. The variation in solar radiation is not always match between the predictied curve and the online measured curve. Therefore, it is necessary to correct the prediction curve using the measured value of the day.
Correction of the prediction curve on the day
The fluctuation of actual solar radiation may be different from that of the forecasted radiation. Furthermore, the weather forecast provided by Japan Meteorological Agency is not always accurate. In this case, it is necessary to correct the prediction curve using the online measured data of the day. Furthermore, the correction is required to conduct in an early morning for operating energy-related facilities. Therefore, Table 4 shows the correlation of the solar radiation from 6:00 to 10:00 and the accumulated solar radiation on the targeted day.
Table4 Table 4 shows that the correlation of the measured value after 8:00 and the accumulated solar radiation is high. Therefore, the correction should be worked out in the early morning to use the prediction for the facility operation. The online measured value at 8:00 is normalized by dividing by the predicted value at 8:00. The normalized coefficient f is used to correct the predicted value after 9:00 by multiplication to match with the measured value. Fig . 5 shows the correction of the prediction curve. 
4． ． ． ．Application to a practical test network
The proposed online corrective prediction method is applied to a model test network by utilizing the measured data in 2012. In order to evaluate the accuracy of the prediction quantitatively, the error is defined as E. E can be expressed as follows; 
4.1
Comparison of prediction erros of 6 and 15 weather patterns before correction Fig. 6 shows daily errors of the predicted values and the measured values for 6 and 15 weather patterns. It shows that errors are comparatively small except for that in the weather pattern-4. Fig. 7 shows comparisons of the predicted values and the measured value presented in Table 3 for the weather pattern-4. Fig .6 shows that the prediction errors of solar radiation is generally small except for that of weather pattern-4 and the errors are small when the weather is cloudy, rainy or fine throughout the day. If the weather does not change throughout a day, we can select one of similar weather patterns of the past as the reference pattern for the prediction. By this selection of a past weather pattern, the errors between the predicted value and the measured value become so small.
In pattern-4, as fine weather suddenly turned to cloudy in the middle of the day, errors of the prediction are large. Hence, the errors of patterns between the predicted values and the measured values were so large.
In addition, the reduction of the number in the weather patterns from 15 to 6 achieved the improvement of the prediction error. By reducing the number of patterns, we are able to increase the number of data to work out the prediction curve and this leads to enhance the applicability of the proposed method to different areas and weather conditions. Fig. 7 shows we can predict chnges of solar radiation curves for three days. This means that the accuracy of the prediciton can be improved with the consideration of the changes of solar radiation in sunrise and sunset. On the contrary, the proposed method could be predicted the rapid change of the radiation at 1:00 pm on May 30. The reason of this is that the correction of the prediction is conducted at 8:00 and therefore the sudden change of radiation at 1:00 pm is not taken into consideration in the current prediction.
Comparisons of errors before and after corrections in 6 weather patterns
The previous section presented the improvement of errors by reducing the number of weather patterns. This section describes the improvement of errors between the prediction and that after the correction by using online measured data.
In Table 3 , the predicted radiation curve on the previous day is corrected by observing online measured data on the targeted day and the errors between the predicted and corrected radiation curves are compared for 6 weather patterns. Fig. 8 and Fig. 9 show that the measured values, the predicted values and the corrected values by the proposed method in April and July. Weather pattern Measured value Before correction After correction Fig. 9 Comparisons of the average accumulated solar radiation of each weather pattern in July Fig. 8 and Fig. 9 show that the error for patterns 2 and 3 was decreased by the correction. As a result, the revisiones can be reduced the error of the accumulated solar radiation of the day by almost 34%. Generally, the amount of the solar radiation almost unchanged on cloudy and rainy days and the radiation remains at the value close to the radiation at 8.00am. Thereby, the tested results indicate that the proposed method has effectiveness of the curtailment of the errors. Lastly, for pattern-4, the measured radiation curve, the predicted curve, and the curve after the correction are shown in Fig. 10 and Fig.  11 . Fig. 10 shows that the proposed method is able to perform the better accurate prediction of the solar radiation, if the solar radiation is less than that of previous day. By the radiation curves in Fig. 11 , it shows that the correction of the measured radiation improves the accuracy of the prediction even if the weather forecast is not correct. 
5． ． ． ．Future studies
In this study, the author proposes the prediction method by dividing the prediction into two stages; predictions on the previous day and on the day. The correction was conducted by using the online measured data at 8:00. In the future, the correction is to conduct in different time zones and carry out repetitively. The predicted value can lead to a large error because this method does not take the unexpected weather variation into account. Therefore, it is necessary to conduct the analysis of correlation of the solar radiation and meteorological conditions, such as temperature, pressure and humidity. Then results of the correlation analysis are required to incorporate into the future prediction model. In addition, the number of the weather patterns is likely to change when the prediction is conducted in different areas. In the future, the author aims to increase the precision of the prediction to investigate the relationship between other meteorological elements and solar radiation.
6． ． ． ．Conclusion
In this study, the prediction of the solar radiation is divided into two stages; predictions on the previous day and on the day. The prediction for the previous day is conducted with the weather forecast and the weather patterns. As a result, the error is decreased by the reduction of the number of weather patterns. In addition, the error of the accumulated solar radiation is reduced by almost 34% by the prediction of the day. Furthermore, even the weather forecast of the previous day is not correct as expected, the error is reduced by the correction of the radiation curve on the day by measuring online radiation.
